Abstract -A capillary zone electrophoresis (CZE) method was applied to a Protected Designation of Origin (PDO) cheese, namely Serpa cheese, made with local pure ovine raw milk and a vegetable coagulant (an aqueous extract from dried cardoon flowers of Cynara L.). The electropherograms of Serpa cheese showed a peak that remained throughout maturation, and it was not detected in other cheeses made with the same technology as Serpa cheese, but with animal rennet or microbial coagulant instead of vegetable coagulant. This peak, probably arising from b-casein, identifies the type of coagulant employed in the cheese-making. The results obtained lead us to suggest that CZE of cheese caseins is a suitable, fast and easy-to-perform method for evaluating the authenticity of cheeses made with Cynara L.
INTRODUCTION
Certain varieties of ovine cheeses produced in the Iberian Peninsula are traditionally made with aqueous extracts from dried cardoon flowers (Cynara L.) as coagulant and have a great importance from the economic point of view [18] . Some of them carry the EC label of Protected Designation of Origin (PDO), the European recognition for the Controlled Designation of Origin (CDO) of each European country under EC regulation 2081/92 [17] . This makes compulsory the use of local pure ovine raw milk and Cynara L. as coagulant (usually C. cardunculus L. or C. humilis L.). Serpa cheese, considered to be one of the best cheeses of Portugal, is one of these traditional Portuguese cheeses with the PDO designation. Its region of production is a demarcated area in Alentejo, the biggest and most arid province of Portugal, situated towards the south of the country. Like the other ewe's milk Portuguese cheeses, it is mainly artisanally produced, although nowadays, some are also produced by semi-industrial procedures. The main characteristics that distinguish Serpa and some other PDO Portuguese ewe's milk cheeses from other countries' ewe's milk cheeses are that they have a creamy semi-soft texture and exquisite flavour [19] . These characteristics are in part due to the type of milk and technology used, but mainly to the vegetable coagulant, which is very proteolytic. Their popularity and recent increasing demand by consumers might lead to the addition of milk from other species to extend production, and/or the substitution of vegetable coagulant by other types of coagulants, both of these procedures being considered as frauds.
In the last decade, CE has been proved to be an efficient separation technique for the analysis of food proteins in general [5, 6, 16] and milk proteins in particular [14] . In fact, CE has been applied to monitoring proteolysis in cheese [8, 12] , mainly in bovine cheese, but only a few publications are concerned with the study of proteolysis of ewe's or goat's milk cheeses by capillary electrophoresis [2, 7, 10] . Detection of milk mixtures can also be done by CE [1, 9] , but detection of the coagulant origin in cheese is not yet possible. Moreover, there is not to our knowledge any characterisation of the caseins and their degradation products in cheeses made with vegetable coagulant by this methodology. Only a recent work by Roseiro and co-workers [20] refers to the study of proteolysis by CZE of cheeses produced with Cynara L. as coagulant.
In this study CZE was used to identify the major protein components of the casein fraction and their breakdown products of cheeses made from ewe's milk using an aqueous extract from the flowers of Cynara L. as coagulant. The main aim was to differentiate the use of this vegetable coagulant by comparison with cheeses made following the same manufacturing process but substituting the vegetable coagulant with animal or microbial coagulants. Model systems of ovine caseins with plasmin and different coagulants were carried out in order to study the origin of possible distinguishable peaks of the vegetable coagulant.
MATERIALS AND METHODS

Cheese samples
Two different dairies in the Demarcated Region for Serpa cheese in Baixo Alentejo were chosen to perform the experimental work. One is artisanal, in which about 100 L of ewe's milk from the Merino breed are transformed into cheese per day, using simple manual technology. The other is a recent dairy (about 7 years old) that produces Serpa cheese, blending the artisanal techniques with some technology on a semi-industrial scale, transforming ca. 1000 L of ewe's milk from the Lacaune breed per day.
Four batches of 9 cheeses each were made. Two batches were made in the artisanal dairy consisting of Serpa cheese and a cheese coagulated with microbial coagulant, while the other two were made in the semi-industrial dairy, also consisting of Serpa cheese and a batch of cheese coagulated with animal rennet. All of them were manufactured on the same day in each dairy, following their own methodologies. The cheeses coagulated by animal rennet and microbial coagulant were made in each dairy from the same milk batch and according to the procedure used for Serpa cheese, but substituting Cynara L. with animal rennet (Bovigrand 22, 1:15 000, SBISystems Bio-Industries, Beaune, France) and with microbial coagulant (Rhyzomucor mihei, 1:15 000, Fabre Srl. Sirtori, Italy), respectively. Laboratory trials were done using raw ewe's milk from the dairies and the animal and microbial coagulants referred to, in order to determine the amount necessary to coagulate the milk in the same time as when using Cynara L. aqueous extracts.
The manufacturing parameters were recorded and a curd sample (0 maturation days) was collected from each batch on the day of manufacture. During the maturation period, 3 cheeses were collected from each batch in each dairy at 30, 45 and 60 maturation days.
Isolation of caseins
Caseins (CN) from curd and cheese samples at different maturation times produced in both dairies were prepared. Samples of curd or cheese were homogenised with water and the caseins precipitated at pH 4.6. The precipitated caseins were then isolated by centrifugation, washed and freeze-dried prior to use.
Ovine caseins model systems
The specific action of each type of coagulant used in this experiment on ovine casein was evaluated by observing their effect on the whole and individual ovine caseins as model systems. The effect of plasmin (EC 3.4.21.7, from bovine plasma, SIGMA, St Louis, MO, USA) was also evaluated. For this purpose, whole casein from raw ovine milk and k-, a s -and b-ovine CN isolated by FPLC, obtained previously in the laboratory, were used. Fractions and whole ovine CN (3 mg·mL -1 phosphate buffer 0.1 mol·L -1 , pH 6.5) were incubated with plasmin and each of the vegetable, animal and microbial coagulants used in the cheese-making experiments for 0, 10, 20, 30 and 60 min at 37°C. Plasmin, chymosin and microbial coagulant were incubated at enzyme:substrate ratios of 1.67 1 0 -3 , 4.72 ´ 10 -3 and 4.72´ 10 -3 units/mg casein, respectively. The vegetable coagulant ratio was inferred from the laboratory trials performed for the cheese-making. In all cases the reaction was stopped by dilution at 1:1.5 with CE sample buffer, pH 8.6 ± 0.1 (see below).
CZE separations
CE buffers and separation conditions were as previously described [10] . CZE was carried out in a Beckman apparatus P/ ACE System 2050 controlled by a System Gold Software data system version 810 (Beckman Instruments Inc., San Ramon, CA 94583, USA). A hydrophilic-coated fused-silica capillary column (Celect P1, length 0.57 m, effective length 0.50 m, 50 mm i.d.: Supelco, Bellefonte, PA 16823, USA) was used. Prepared samples were filtered through a 0.22 mm filter (Sterile Acrodisc, Gelman Sciences, Ann Arbor, MI 48106, USA) and injected at the anode. UV detection was at 214 nm. Each sample of the model systems was also analysed by CZE following the same conditions. obtained after a 40-min run for each sample injected. The different main caseins (pk-CN, a s2 -CN, a s1 -CN and b-CN) were identified on the basis of their migration times and order of migration, according to the CE data referred to in previous works [10, 15] . Different casein profiles with the different coagulant used for cheese-making can be observed, the differences being more evident during the maturation time (Fig. 1 , lower middle and bottom e-grams). The higher degradation shown for cheeses coagulated with Cynara cardunculus L.
(both artisanally and semi-industrially produced) (Fig. 1, a and b ) was noteworthy compared with that of the other coagulants (animal or microbial) (Fig. 1, c and d) , similar to the results reported for Los Pedroches cheese where a higher degree of proteolysis was observed when it was made with vegetable coagulant instead of animal rennet [4] . For example, b-casein was not detected after 60 d of maturation in cheeses coagulated with vegetable coagulant produced artisanally (Fig. 1a) . A higher extent of hydrolysis on the a S1 -CN has been observed for Serpa cheese in comparison with animal rennetcoagulated or microbial-coagulated cheeses, as has previously been reported for other cheeses made with vegetable coagulant [4, 11] . a S1 -CN completely disappeared in Serpa cheese at 30 d in artisanal Serpa (Fig. 1a , upper middle) and at 60 d in semi-industrial Serpa (Fig. 1b, bottom) . However, in animal rennet or microbial-coagulated cheeses it was not extensively degraded at 60 d of maturation (Fig. 1, c and d, bottom) . Thus, the a S1 -I-CN (peak 5; a S1 -CN (f 24-199)) is considerably higher in Serpa cheese than in animal rennet or microbialcoagulated cheeses. Moreover, in artisanal Serpa, the a S1 -I-CN is further hydrolysed, as a decrease in the peak 5 area was observed (data not shown) (Fig. 1, a and b) probably due to extra-susceptible bonds of a S1 -I-CN to cardosins [13] , whereas in the other cheeses (Fig. 1, c and d ) the peak 5 area is maintained during maturation (data not shown).
Differentiation of vegetable coagulant from animal rennet and microbial coagulant in cheeses and model systems
From the e-grams of the cheese caseins, four unidentified peaks (A, B, C and D) were considered for differentiation of the three coagulants studied. Mean and standard deviation of the migration times and the corresponding corrected peak areas for these four relevant peaks are shown in Table I . Both Serpa cheeses (Fig. 1, a and b) presented peak A at mean migration times of 22.3 ± 0.3 min and 22.3 ± 0.1 min, respectively, which was degraded during maturation, and peak B at mean migration times of 22.9 ± 0.4 and 23.4 ± 0.2 min, respectively, (artisanal and semi-industrial) adjacent to a S1 -CN, growing steeply during the ripening time and remaining prominent without further degradation, opposite to peak A. These peaks were not detected in cheeses coagulated with animal rennet and microbial coagulant, which leads us to suggest that both peaks are specific peptides from the action of the vegetable coagulant on the ovine caseins.
The study was focused on peak B, as the peptide responsible for it is not hydrolysed after its formation. Peak C was only detected on animal rennet-coagulated cheeses (Fig. 1c) and peak D was only detected on microbial-coagulated cheeses (Fig. 1d) . Peaks C and D are possible markers for those coagulants; however, they were not considered in this study as good markers to differentiate the vegetable coagulant as they are not present in those cheeses coagulated by Cynara L.
The origin of peak B was elucidated from the model systems. It was only formed when the whole cheese casein was treated with C. cardunculus L. and not with plasmin, animal rennet or microbial coagulant (data not shown). Specifically, using the isolated caseins, it only appeared when b-casein was treated with C. cardunculus L. (Fig. 2) . As shown in Figure 2c coagulant b-CN gave rise to four main degradation peaks. One of these peaks presented a similar migration time (22.5 ± 0.1) to the peak B found in Serpa cheeses. This peak was not seen when the b-CN was treated with plasmin ( Fig. 2b) , chymosin (Fig. 2d) or microbial coagulant (Fig. 2e) . The small differences found in the peak B migration times between the model systems and cheese samples may be due to several facts, as the behaviour of caseins in model systems is not necessarily mirroring that occurring in cheese [3] . The different matrix of the cheese caseins versus the caseins in phosphate buffer of the model system could have originated the differences in the migration times, but also a small difference in the sequence of the fragment could be responsible for such differences. Two bonds in the amino acidic sequence of b-CN have been reported to be susceptible to being cleaved by Cynara cardunculus: Leu 127 -Thr 128 and Leu 190 -Tyr 191 [21] . The latter is preferred, but this bond is also cleaved by chymosin, and peak B did not appear in cheese other than Serpa cheese. Moreover, the fragment b-CN (f 1-190) contains various bonds susceptible to being cleaved, and peak B remained intact after 60 d of maturation. However, the bond Leu 127 -Thr 128 is also very susceptible to being degraded, but in this case only by Cynara cardunculus [21] , producing the fragment b-CN (f 1-127), and no susceptible bonds have been described inside this sequence to C. cardunculus [22] . Although it has not been reported, from the sequence of b-CN, there is another Leu 125 -Thr 126 bond, which could also be cleaved, giving a peptide b-CN (f 1-125). It is possible that this bond could have been cleaved preferentially by C. cardunculus in the model system, originating a shift in the migration time in comparison with the cheese sample, as slight differences have been described for the behaviour of the same proteins depending on whether they are in model systems or in real samples [3] . In any case, the fragments b-CN (f 1-125) or b-CN (f 1-127) would not be further hydrolysed during the ripening time, as happened with peak B in the cheese samples at different maturation times. However, further studies are needed to confirm the sequence of peak B. This paper presents a rapid, straightforward method for the authentication of cheeses in which the use of Cynara cardunculus as coagulant is compulsory, that the bodies responsible for CDOs in Portugal have been demanding. These are, to our knowledge, the first results concerning the identification of the coagulant origin in cheese in relation to its authenticity. Other work [7] that also relates to the use of CZE and the type of coagulant used in ovine cheeses refers specifically to the use of two types of animal rennet (lamb, artisanal, and calf, commercial) and to their differences in terms of clotting activity. CZE of the caseins from ewe's milk cheeses made with different coagulants was shown to be appropriate for verifying the authenticity of PDO ovine cheeses coagulated with Cynara cardunculus L., through the presence of peak B, which seems to be specific for this coagulant and could be used as a marker. The results shown in this paper represent a valuable contribution from the CDO's point of view to the quality control of the cheeses referred to.
Further studies are required to identify the sequence of the peak B, but this first approach is promising for the authentication of vegetable coagulant used in cheesemakings and will contribute to detecting any forthcoming fraud. An additional experiment using bovine and caprine milk is also under consideration in order to broaden the applicability of the present study. 
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